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All animal procedures were approved by Northwestern
University's Animal Care and Use Committee. Each chinchilla was deeply anesthetized with diallyl barbituric acid in urethane. The left pinna was resected and the head was attached to a metallic holder. A calibrated miniature microphone, with its tip placed within 2 mm of the eardrum, was used for in situ determination of SPLs (expressed relative to 20 LPa). The auditory bulla was opened widely and a gross electrode, which recorded compound action potential thresholds of responses to tone pips, was placed on the round window. Both middle-ear muscles (cochlea L208) or only the tensor tympani (L199) was detached. Then the surgical preparations necessary for microelectrode recording from auditory nerve fibers (31) and for measuring BM vibrations with a laser velocimeter (32) were made consecutively. After the otic capsule was opened and reflective microbeads were dropped onto the BM, the otic capsule hole was covered with a window (made from slide coverslip glass) to minimize motion of the perilymph (7). Stimuli for BM recordings were 128 to 512 repetitions of gated tones (5 to 100 ms in duration, presented every 53 to 500 ms). BM tuning curves were computed from velocity-intensity functions (resolution: 5 or 10 dB, 100 to 1000 Hz) by interpolating at each frequency the response magnitude corresponding to neural threshold at CF. Frequency-threshold tuning curves of auditory nerve fibers were measured with 50-ms tone pips, presented every 100 ms, by an automated procedure (11 Natural selection acts on individuals throughout the annual cycle. For migratory animals, understanding these selection processes has been limited by our inability to follow individuals yearround, yet events during each phase of the annual cycle are likely to influence those in subsequent phases. Many long-distance migratory birds, such as the American redstart, spend 3 to 5 months on their temperate breeding grounds, 1 to 2 months on autumn migration, 6 to 7 months on tropical wintering areas, and another month on spring migration (1).
For many migratory species, males arrive at breeding habitats before females (2), and breeding success and physical condition decline with arrival date (3, 4) . Early arrival appears to be advantageous because it gives access to the best breeding sites and mates, as well as additional time to replace lost clutches (5). Declining reproductive success for late aniving birds is also attributed to poor physical condition of these individuals (4). Factors that determine airival time and physical condition of birds in breeding areas are poorly understood.
To test the hypothesis that winter events influence arrival dynamics on the breeding grounds, we studied American redstaits in two habitats in southwestem Jamaica: a black man- grove (Avicennia germinans) forest in which males predominated (65% male and 35% female) and a drier, second-growth scrub habitat in which females were more abundant (30% male and 70% female). Sexual habitat segregation is common in redstarts during the winter period (6) and is produced by the dominance behavior of older males forcing most females and young males into habitats of poorer quality (7-9). In autumn 1995 and 1996, redstarts were captured with mist nets, measured, bled for hormone and stable-isotope assays, color-banded, and released. In late March and early April, those individuals that remained on territoiy over the winter were recaptured for remeasurement. We found that individuals wintering in the forest habitat, regardless of sex, maintained or gained body mass, whereas individuals in scrub habitat lost up to 11% of their body mass Individuals in scrub habitats showed other signs of deteriorated physical condition, including elevated plasma corticosterone concentration (9).
The poor physical condition of redstarts in scrub habitat did not lead to lower overwinter survival (8), but it did result in a delay in departure schedules (10). Both males and females departed significantly later from scrub habitat in both years (Fig. 1) . Furthermore, departure time was inversely coiTelated with change in body mass (Fig. 2) (Fig. 3) .
To determiine if habitats occupied in winter influence arrival dates in North America, we collected tissue fiom American redstarts as they arrived in spring 1997 and settled on breeding areas at the Hubbard Brook Experimental Forest, central New Hampshire, U.S.A. We found that later arriving redstarls had tissue 813C values more enriched relative to earlier arrivals (Fig. 4) (18) . This suggests that males arriving on breeding grounds early were those originating fiom wetter tropical habitats, whereas those arriving later were firom drier tropical habitats (Fig. 4) . The period of arrival that we sampled may have been too short to adequately test this for females. Using body mass corrected for skeletal size as an index to physical condition, we also fotnd that the physical condition of departed significantly earLier than both feMass change from October to April (g) males (P = 0.04) and maLes (P = 0.008) from scrub. Fig. 2 (bottom) . The relation between winter mass change (in grams) of colorbanded American redstarts captured in October and then recaptured in April and the number of days untiL they departed on spring migration (Pearson's r = 0.60, P < 0.004). redstarts arriving on the breeding grounds declined fiom early to later anival (r = -0.52, P = 0.016, n = 21) (19).
The specific winter ground origin of redstarts breeding at Hubbard Brook is not known (1). However, because habitat segregation is pelvasive tlhroughout most of the winter range of redstaits (9), we believe the carbon isotope signatuires fiom Jamaican and Honduran habitats to be represenitative of the major habitat types occupied by redstarts throughout their winter distribution. The application of stable-carbon isotope methodology has allowed us to link two separate periods in the annuual cycle of this migratoiy species. These results implicate events during the preceding wiinter, namely intraspecific competition for optimal winter habitat mediated through behavioral dominance (8, 20), as an important factor deteirmining airival times and condition upon airival of redstarts in their north temperate breeding areas. This finding is important because airival time at the breeding ground is a major deteirminant of fitness in migratoiy birds (3, 21) . Furtheimore, our evidence that later airiving birds wintered in drier habitats and that physical condition declined with arrival date suggests that optimal winter habitats for redstarts may be saturated and therefore limiting. If optimal wiinter habitats (more mesic sites) were always available, then all redstarts should have occupied them, and we would have found no relation between 613C values and the physical condition of redstarts over the airival period. This conclusion, that winter habitats are limiting, has important conservation implications for the long-teirm stability of migratory bird populations, many of which are declining and of conservation concern (22).
